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® Water soluble high molecular polymerized drug preparation. 



^® A water-soluble block copolymer comprising a hydrophilic segment and a hydrophobic segment which 
^contains a pharmacologically active side-chain portion. 

O The hydrophilic first segment of the present invention is suitably polyethylene glycol, polysaccharides, or 
Wpoiyacrylamide. The hydrophobic segment includes polyaspartic acid, polyglutamic acid, polylysine, or deriva- 
tives thereof. 
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WATER SOLUBLE HIGH MOLECULAR POLYMERIZED DRUG PREPRATION 



FIELD OF THE INVENTION 

The present invention relates to a water-soluble high molecular polymerized drug comprising a water- 
5 soluble block copolymer consisting of a hydrophilic segment and a hydrophobic pharmacological-function- 
ing segment to side chain of which a drug is bonded. 

BACKGROUND OF THE INVENTION 

w 

In the past, several attempts had been performed for coupling a low molecular chemical drug with a 
high molecule, in order to give desirable distribution of the drug in the body so as to increase a drug half- 
life in the body. However, high-molecular compounds used in these attempts were copolymers consisting of 
one component, or polymers in which two components were polymerized alternatively or randomly. 

75 In the cases of polymers above described when amounts of carried drugs increase for improvement of 
their efficacy, their water-solubility decreases owing to the hydrophobic nature of the drugs. The task of the 
present invention is to provide a water-soluble drug which does not decrease its water-solubility even if 
amounts of carried drugs were increased. 

The present inventors tried to develop a high molecular polymerized drug, in order to dissolve the 

20 problem of the conventional high molecular polymerized drug, and as a result of their eager research, they 
introduced drug selectively to a second segment of a block copolymer comprising a first segment and the 
second segment, to give it hydrophobic nature, and they succeeded in prevention of the decrease of water- 
solubility accompanied by introduction of a drug and in prevention of precipitate formation, by means of 
micelle formation in which the second segment is the inner-core and the first segment the outer-shell. The 

25 high molecular polymerized drug developed by the present inventors posseses good water-solubility, as 
well as attains, as a drug, stability in an aqueous solution higher than its original drug by use of the micelle 
formation. 

That is. the present invention are: 

(1) Water-soluble high molecular polymerized drug comprising water-soluble block copolymer having 
30 a hydrophilic segment and a hydrophobic pharmacological-functioning segment, to side chain of which a 

drug is attached. 

(2) Water-soluble high molecular polymerized drug according to Claim (1), which forms micells 
wherein the pharmacological-functioning segment is the inner-core and the hydrophilic segment the outer- 
core. 

35 (3) Water-soluble high molecular polymerized drug according to Claim (1), wherein the drug is an 

anti-cancer drug. 

(4) Water-soluble high molecular polymerized drug according to Claim (1), wherein the anti-cancer 
drug is adriamycin. 

(5) Water-soluble high molecular polymerized drug according to Claim (1), wherein the block 
40 copolymer is represented by the formula I: 
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/MOCHzCII,*-* NHttOCHNH^nr^OCH.CHNH-hrH 

I I 
CH,CO-R CO-R 



wherein R stands for OH, or 



0 OH 



70 



15 




CH,0 0 OH 



( I ) 



COCHzOH 
V 0H 



0^ 
-NH 



2Q Ri stands for -CH 3 , -CH 2 CH 3 or other alkyl group, n stands for an integer of from 5 to 400, m stands for an 
integer from 1 to 300, and x stands for an integer of from 0 to 300, whereupon at least one of R represents 
for 
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OH 



CHjO 0 OH 
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(6) Drug-bearing carrier, comprising a hydrophillc segment and a second segment which has a side 
chain capable of binding with a drug and turning hydrophobic upon binding with said drug. 

(7) Drug-bearing carrier according to Claim (6). which can be represented by the following formula II: 

R^OCHtCH^ NH (COCHNHHrnrKOCHtCHNH-Hrti 

I I 
CHzCOOH COOH 



45 



( n ) 



wherein Ri stands for -CH 3 , -CH 2 CH 3 or other alkyl group, n stands for an integer of from 5 to 400, m 
stands for an integer of from 1 to 300, and x stands for an integer of from 0 to 300. 
50 (8) Block copolymer represented by the following formula I: 
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ffx-(0CH t CH 2 ^ NH(COCHNH>TirTKCOCH*CHNB-irH 

I I 
CH,C0-R CO-R 

( I ) 

wherein R stands for OH or 

0 OH 



15 



CH,0 0 OH '0 
-NH 



OH 



20 



Ri stands for -CH 3 , -CH2CH3 or other alkyl group, n stands for an integer of from 5 to 400. m stands for an 
integer of from 1 to 300. x stands for an integer of from 0 to 300, and at least one of R stands for 



25 



30 



35 



40 



0 OH 




COCHtOH 
OH 



CHiO 0 OH 0 
-0 

CCH : 



NH 



(9) Block copolymer represented by the following formula II: 

^,-tOCHrCH^ NII(C0CHNH)-imrf€0CHzCHNH-hrH 

I I 
CHzCOOH COOH 

( n ) 



45 



wherein Ri stands for -CH 3 , -CH 2 CH 3 or other alkyl group, n stands for an integer of from 5 to 400, m 
stands for an integer of from 1 to 300, and x stands for an integer of from 0 to 300. 



BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 shows the outline of the structure of the high molecular polymerized drug PEG-P (Asp(ADR)) of 
the present invention, Fig. 2 shows change of absorbance at 485 nm, with time, of adriamycin (ADR) and of 
the high molecular polymerized drug preparation of PEG-P (Asp(ADR)) according to the present invention, 
Fig. 3 shows analysis by gel-filtration HPLC, of the high molecular polymerized drug preparation PEG-P 
(Asp(ADR)) and of said preparation where a surface-active agent SDS was added, Fig. 4 shows results of 
fluorescence analysis of the high molecular polymerized drug preparation PEG-P(Asp(ADR)) and of said 
preparation where a surface-active agent SDS was added, and Fig. 5 shows distribution state of micelle 
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diameter of the high molecular polymerized drug preparation of PEG-P (Asp(ADR)) of the present invention, 
by laser scattering measurement. 

For instance, the hydrophiiic first segments of the present invention include polyethylene glycol, 
polysaccharides, polyacrylamide, polymethacrylamide, polyvinyl pyrrolidone, polyvinyl alcohols, poly- 
methacrylates, polyacrylic esters, or polyamino acids or segments originated in derivatives thereof, and the 
second segments, which turn hydrophobic upon being attached to a drug, include ones having, in their side 
chain, polyaspartic acid, polyglutamic acid, polylysine. polyacrylic acid, polymethacrylic acid, polymalic 
acid, polylactic acid, polyalkylene oxide, or long-chain alcohols or segments originated in derivatives 
thereof. 

Drugs to be attached to the second segment include, for example, anti-cancer drugs, such as 
adriamycin, daunomycin, methotrexate, mitomycin C as well as medical drugs, such as drugs for central 
nerve, drugs for peripheral nerve, drugs for allergy, drugs for circulatory organs, drugs for respiratory 
organs, drugs for digestive organs, hormone drugs, metabolizable medicines, antibiotics, and drugs for 
chemotherapy. 

The present invention is described below in more detail, referring to an example of a copolymer 
comprising a segment originated in polyethylene glycol derivative and a segment originated in polyaspartic 
acid wherein an anti-cancer drug, adriamycin, is attached to the polyaspartic acid segment. 

Fig. 1 shows the outline of the structure of a high molecular polymerized drug of the present invention, 
which is a block copolymer comprising two components consisting of polyethylene glycol and polyaspartic 
acid wherein an anti-cancer drug, adriamycin, is bound to the carboxyl group in the side chain of the 
polyaspartic acid through an amide bond capable of being hydrolyzed in the body. 

The synthesis of a high molecular polymerized drug, as shown in the reaction pathway below, is as 
follows: 0-benzyl L-aspartate N-carboxy anhydride (BLA-NCA) was polymerized with an initiator of polyeth- 
ylene glycol (M.W.: 250 to 18,000) having, at the terminal, an alkoxy group such as a methoxy group and 
having, at another terminal, a primary amino group, to prepare polyethylene glycol-poly (0-benzyl L- 
aspartate) block copolymer (PEG-PBLA), followed by subjecting the PEG-PBLA to alkali hydrolysis, to 
obtain a drug-bearing carrier of the present invention, i.e. polyethylene glycol-poiyaspartic acid block 
copolymer (PEG-P(Asp)). Eighty % of the resultant PEG-P[Asp) received j8-amidation on the hydrolysis. By 
adding adriamycin of an anti-cancer drug and water-soluble carbodiimide (EDC) to the PEG-P(Asp), an 
amide bond was formed between primary amino group of the adriamycin and carboxyl group in the side 
chain of the polyaspartic acid segment, to obtain a high molecular polymerized PEG-P(Asp(ADR)). 

Both the PEG-P(Asp) and PEG-P(Asp(ADR)) are novel ones as chemical substances. 
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n stands for an integer of from 5 to 400, m stands for an integer of from 1 to 300, and x stands for an 
45 integer of from 0 to 300, whereupon at least one of R stands for 
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The molecular weight of the polyaspartic acids (P(Asp)) part is variable from 116 to 35,000. Substitution 
ratio of adriamycin (based on asparpartic acid residues) obtained was of 12 to 33 mol % in case a 
molecular weight of the P (Asp) is 1,900, and 3 to 37 mol % in case the molecular weight is 10,000. 

The synthesized high molecular drug, despite the high adriamycin-substitution ratio, demonstrates good 
5 water-solubility, and keeps its water-solubility even when lyophilized or concentrated (calculated amounts: 
20 mg of adriamycin/ml). 

The high molecular polymerized drug possesses high stability as medicine as compared with the 
original adriamycin (ADR). In addition, the high molecular polymerized drug forms micelles in an aqueous 
solution. The sizes of the micelles are about 30 to 200 nm in diameter. It was revealed that an extremely 
10 severe condition of addition of a surface-active agent of SDS, is required to destroy the micelles, and thus 
the stability of the present high molecular micelles in water was proven. Furthermore, no change in the 
micelle-forming ability was recognized even by exposure to ultrasonic or by lyophilization. 

As shown in Table 1 , an anti-cancer activity of the synthesized polymerized high molecular chemical 
drug was higher than that of the original adriamycin. Furthermore, the high anti-cancer activity was achieved 
75 with side effect less than the original adriamycin. 

The high-molecular polymerized drug according to the present invention possesses high stability as 
drug, as well as keeps good water-solubility with reduced side effect, even if amounts of drug carried are 
increased, so that the present invention could provide quite effective drugs. 

20 

EXAMPLES 



Example 1 

25 " 

0-Benzyl L-aspartate N-carboxy anhydride (BLA-NCA, 7.21 g) was dissolved in 12 ml of N.N - 
dimethylformamide (DMF), followed by addition of 60 ml of chloroform. 6.00 g of polyethylene glycol (M.W. 
4,300) bearing, at one terminal, methoxy group and, at another terminal, amino group was dissolved in 60 
ml of chloroform, and the solution was added to the BLA-NCA solution. After 70 hrs., the reaction mixture 

30 was dropped into 2 I of diethyl ether, and precipitated polymers were recovered by filtration, washed with 
diethyl ether, and dried in a vacuum, to obtain polyethylene glycol-poly (0-benzyl L-aspartate) block 
copolymer (PEG-PBLA). Yield was 10.09 g (84%). 

10.03 g of PEG-PBLA was dissolved in 100 ml of chloroform. Alkaline solution, in which 0.43 N sodium 
hydroxide was dissolved in a mixture (watenmethanol: !-propanol = 1:1:2 (volume ratio)), was added to the 

35 PEG-PBLA. The alkali was 1 .5 times equivalent to the benzyl ester part of the PBLA. After being stirred for 
10 min. at 0*C, the mixture was dropped into 2 I of diethyl ether. Polymers precipitated were separated by 
filtration, dissolved in 20 ml of distilled water and dialyzed in water for 39 hrs, by use of Spectrapor 7 
membrane (molecular weight cut-off = 1,000). Then, the solution in the membrane was lyophilized to obtain 
polyethylene glycol-polyaspartic acid block copolymer (PEG-P(Asp)). Yield was 3.94 g (49%). 

40 Proton NMR measurements showed the presence of 17 aspartic acid residues per block copolymer 
chain. 

230.3 mg of the (PEG-P(Asp)) was dissolved in 1 ml of distilled water. 349.2 mg of adriamycin 
hydrochloride was dissolved in 260 ml of DMF, followed by addition of 1.3 times equivalent triethylamine. 
To the adriamycin solution was added the aqueous (PEG-P(Asp)) solution, and further 886 ml of water- 

45 soluble carbodiimide (EDC) was added. The mixture was stirred for 4 hrs. at 0* C. Then, another 886 mi of 
water-soluble carbodiimide was added and stirred for 19 hrs. at room temperature. By use of Spectrapor 7 
membrane (molecular weight cut-off = 1 ,000), the reaction mixture was dialyzed against 0.1 M sodium 
acetate buffer (pH 4.5) for 3 hrs. After the dialysis, non-reacted adriamycin and other low molecular 
compounds were removed by ultrafiltration with Amicon YM30 membrane. Adriamycin contents in the 

50 resultant block copolymer of PEG-P(Asp(ADR)) were 31 mol % with respect to aspartic acid residues (from 
absorbance at 485 nm). In the same manner, the compound with a molecular weight of polyethylene glycol 
of 4.000 to 6,000 and 17 to 92 aspartic acid residues per block copolymer chain, and adriamycin contents 
of 9 to 37 mol % could be synthesized, all of which showed good water-solubility. 

55 

Example 2 

Laser scattering measurements showed that the micelles of PEG-P(Asp(ADR)) (with a molecular weight 
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of PEG of 4,300, 17 aspartic acid residues per block copolymer chain, 31 mol % adriamycin) in an isotonic 
solution of phosphoric acid (pH 7.4) are 57 nm in weight-average diameter and 49 nm in number-average 
diameter (see Fig. 6). As shown in Fig. 3, the gel-filtration HPLC showed that most parts of the original peak 
move toward the side of small molecular weight by addition of a surface-active agent, sodium dodecyl 

5 sulfate (SOS), and that is, destruction of high-molecular micelles by the SDS was observed. The PEG-P- 
(Asp(ADR)) of other proportions formed micelles from 30 to 80 nm in diameter. 

Fig. 3 shows absorbance change with time at 485 nm characteristic of adriamycin in a phosphate buffer 
at pH 7.4 (37° C). Absorbance of adriamycin reduced to one-half within 100 hrs., whereas the synthesized 
high weight polymerized drug kept about 90% absorbance even after 168 hrs., to demonstrate that it is very 

10 stable. 



Example 3 

15 10 6 celles of P 388 mouse leukemia were intraperitoneal ly administered to female CDF1 mouse, and 24 
hrs. after the administration, PEG-P(Asp(ADR)) (of the PEG with a molecular weight of 4,300, 17 aspartic 
acid residues per block copolymer chain and 31 mol % adriamycin) dissolved in physiological saline was 
intraperitoneal ly administered to the mouse. The ratio of survival days to that of controls (physiological 
saline was administered one day after administration of the leukemia cells) and body weight change were 

20 measured. Six mice were one group. Results are shown in Table 1. Adriamycin (ADR) showed that the 
maximum of T-C was 381%, whereas the high molecular polymerized drug demonstrated that it was 490% 
or higher, by a calculated amount of 200 mg of ADR/kg. In addition, ADR showed that, by the amount 
where 381% T-'C was obtained, decrease of body weight (which indicates the degree of its side effect) was 
12.5%, whereas the high molecular polymerized drug showed that it was only 7.4% at the maximum of T/C. 

25 From these observations, it was found that the synthesized high molecular chemical drug demonstrated 
higher anti-tumor activity with less side effect as compared with ADR. 

Table 1. 



Anti-tumor activity against P 388 mouse leukemia 


Sample 


Administered 


Median 


TC(%) 


Change of body 




amount (mg/kg) 


survival day 




weight (5th day) 


ADR 


7.5 


15.3 


191 


+ 4.4 


ADR 


15 


30.5 


381 


-12.5 


ADR 


30 


6.5 


81 


-17.1 


PEG-P(AspfADR)) 


80 


18.0 


225 


+ 6.1 


PEG-P(Asp(ADR)) 


120 


32.5 


382 


-5.5 


PEG-P(Asp(ADR)) 


200 


>42.0 


>490 


-7.4 ! 


1) Control: 8.0 ~ 8.6 days 



Claims 

1. A water-soluble block copolymer comprising a hydrophilic segment and a hydrophobic segment 
which contains a pharmacologically active side-chain portion. 

2. A copolymer according to Claim 1, which forms micelles in an aqueous medium wherein the 
hydrophobic segment is the inner-core and the hydrophilic segment the outer-shell. 

3. A copolymer according to Claim 2, wherein the pharmacologically active portion is an anti-cancer 
agent. 

4. A copolymer according to Claim 3, wherein the anti-cancer agent is adriamycin. 

5. A copolymer according to any one of claims 1 to 4 which is represented by the formula I: 
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which is represented by the formula I: 

R 1 fOCH 2 CH 2 )-n NH(COCHNH^= 3r eCOCH 2 CHNH)- x H 

CH 2 CO-R CO-R 

wherein R is OH, or 



(I) 



w 

0 OH 



CgcX?° r 



OH 



' 5 CH,0 0 OH 0 



20 

- KH 

Ri is -CH 3 , -CH2CH3 or other alky I group, n is an integer of from 5 to 400, m is an integer from 1 to 300. 
and x is an integer of from 0 to 300, wherein at least one of R is 

25 

0 OH 



COCHiOH 
OH 

K U LL J' 

30 

CH 3 6 0 611 "0 



Q0CQ : 



35 

— NH 



6. A pharmaceutical composition comprising a pharmacologically acceptable carrier or diluent and as 
*o active ingredient, a copolymer as claimed in anyone of claims 1 to 5. 

7. A carrier for use in bearing a pharmacologically active substance comprising a hydrophilic segment 
and a second segment which has a side chain capable of combining with said substance and turning 
hydrophilic when combined with said substance. 

8. A carrier according to Claim 7, of formula II: 

R 1 fOCH 2 CH 2 )- n NH(COCHNHhSF^ COCH 2 CH NH)"x H 

CH 2 COOH COOR 

50 

wherein Ri , m, n and x are as defined In claim 5. 

9. Use of a copolymer according to any one of claims 1 to 5 or a carrier according to Claim 8 in the 
manufacture of a medicament for use in the treatment of cancer. 



55 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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